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This report presents the work accolllpllahed for the pharo 11 part 
of BASA Contract HS8-2601, "Determination of TIG Welding C o n t r o l  Parr.. 
meterr and Requlrementr for the  Autanatlolr of Out-of-Position We-." 
Thlr raport include8 the msulte &+Aid with out-of-porltla curto- 
matlc welding two aluminum platu alloys vith three ouci lhtor  mch- 
ani-. 

Tl!EIS: Phase II - Determfnatlon of TIG Welding Control Parmetexu 
an& Requfremeatr for the Automation o f  Out-of-~oaitlcm 
UeUlXlg. 

PIBsIIRpCp: In Phase I1 ea oscillator was designed and built & has 
an adjustanent mechanism for varying bead width during tb6 
weldiDg aperation. This oscillator produced satisfackq 
veld joints. 
the cross seam, Fadius, and adjustable oscillators indicated 
no appreciable differences in weld quality, bead appearance 
and heat aff'ected zones for joints made with the three 
oscillators. 
(travel up and down) and the overhead positions. Excellent 
side w a l l  and interpass fusion was obtained in 2014 and 
5456 alminum plate U o y s  velded in these positions. W o r k  
accanplished in phase I has been reported in Refenmce (a). 

A comparison investigation conducted betveen 

Automatic welding was performed in the v e r t i c a l  



NORrH AMERICAN AVIATIUCY, INC. 
I W l t l w A T B O N A L A I ~  

LOS ANGELES 0. CAUlcoRwlA 



EBE% 
10 

20 

5. 

60 

00 

10. 

U O  

12. 

13. 

Ehrtaastic Rst AErprvattu ~~ 

Arcvoltagecaatra3.0 0 0 0 0 0 0 0 0 0 0 0 e 0 0 0 9 

Bead oa plate weld Madh mth 
Adjustam oscillatolr. 0 0 0 0 0 0 0 0 0 0 0 0 o s 0  0 23 

Allznlmml €l8% weldhd ulm 
~ d b l t o s c ~ a r .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ZJl 

~ o n a c ~ *  oi Al-t&ld 
(overheadpositi~) 0 0 0 0 0 0 0 0 0 0 0 e 0 0 0 0 0 26 

R a o t  Pass With G ~ s  BaCk4po 0 0 0 0 0 0 0 0 0 0 0 0 0 



I 

- 
? 

i 
L 

0 
- 
L 
I 

I 

NORTH AMERfCAN AVIATION, INC. 
INTEkW,l'rONAL AIRPORT 

LOS ANGELES 9. CALIFORNIA 

ltA-62-1 
ll-274 
p w  

IIlS?aST- 

Tabls - - T l t h  E ! e ! s  
'I Cross Seam Oscillator Vertfcal Positioa 

Automatic TI0 Welding Variable@ W i t h o u t  
ArcV~ltagaC~trol. 0 13 

11 Radius Oscillator V e r t i c a l  Poaitiaa 
&%-tic TIG Weldipg Variable8 
Without Arc V o l t a g e  Control .............. 
Automatic TIC Welding Variables 

Cross Seam Oscillator Vertical Position 
Automatic TIG Welding Variablea 
without Arc Voltage Control ............. 16 

14 

III Adjustable Oscillator Vertical Positioar 

without ~ r c  voitagc control ............. 15 
Iv 

V Aa$ujtable Oscillator Overhead Position 
Automatic T I G  Weldlng Var iab lcr  
Without Prc: V 0 1 m  C a n t r o l  0 0 17 

VI Addustable Oscillator Vertical Position 
Automatic TIG Welding V a r i a b l e s  
Without An: Voltage Control . . . . . . . . . . . . .  18 

V I I  Adjustable Oscillator Vertical Position 
Automatic TIC Welding V a r i a b l e s  . Without Arc V o l t a g e  Control . . . . . . . . . . . . .  19 

V I I I  Adjustable Oscillator Vertical Position-Dovn 
Automatic TIG Welding Variable8 
With& AFC Voltage CatrOl 20 
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1. 

1.1 Design en oscillstor that will have an adjustment for ths 
bead width during the valding apsretitxL 

1.2 
and variable weld bead adJustable oscillator and co~~pare results obtained 
w i t h  each oscif18tor. 

Weld panels in the vertical position w i t h  the crois 6eam radlus, 

1.3 Weld -1 In the overhead poslt lon with the anjustable oscillator. 

The follcning aluminum materials vere used in the Phase II 
investig€bthXL: 

3.1 
shown i n  Figures 1, 2, 3, 4, 5, 6 were designed, built and %csted. !Che 
radius oscillator prwides a motion that changes the direction of the 
arc as It approaches the Joint side walls. 
side wu a t  an angle of 45 degrees. There is no angular change in 
the poaition of the arc with the cross seam oscillator motion, The 
weld bead adjuster oscillator ~ F C  mmOtlon is similar t o  the radlua 
oscillator, however, the bead width can be varied d e  the valding 
operation with the adjustable oscillator. 

can be varied frcen 0 t o  1 "$" 1 2 inch. The Airco water cooled torch 
driven with frequencies 

(Moael-WA) shoun in Figure 1 was positioned in the oscillator. Tvo 
percent thoriated tungsten electrodes were used throughotrt the p r o m  

The radius, cross seam, and weld bead width adjustable oscillators 

The arc is directed ut the 

All three oscillators a m  sir 
from 0 to 300 rpm. Oscillator amplitudes 

3.2 
current - straight polarity current was used to weld the test panels. 
Arc voltage control was not used w i t h  the test apparatus mounted on 
the milling machine bed. (See Figure 7). 
used to record amperage and voltage outputs and torch oscillation 
frequencies. 

A Vlckers  selenium rect i f ier  power supply (300 amp) and direct 

A Honeywell Viscordrr was 
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4. PRomxm 
4.1 
the test apparatus. 
up, vertical down and overhead positions (See pigurea 7 8 ,  aad 9) .  
Welding parameters for these positions are reported in (Tables I t&ru V I I I ) .  

!!!he radius, cmsa scam and adatustable oscillators were attached to 
AutapPatic welding was accmpllsbd In the vertical 

4.2 The joint design was the same for  a l l  the two-foot 1- t e s t  penelr 
welded in the Phase 11 igvestlgation (See Table I tbru Table VI I I ) .  A 
root opening was not used a t  the butting edges. The aachlned joints were 
cleaned with acetone to remove shop lubricants, sanded vith "Bear Tcf to 
remove the oxtde, and then cleaned with acetone. Thereafter the test psnela 
were handled with white g l o ~ ~  when be- attached to  the test  a m l a a s .  
a he 1/16" diameter iiller wire was used in the as received c d t w .  

4.3 ~rrring the welding operation the arc length was controllea. 
The operator maintained arc length by obsemlng a Wtmeter and aaklng arc 
length adjustments when a change in arc  voltage occurred. 

4.4 
weld puddle preceding the torch in the direction or travel. The wire 
extended one half inch fran the end of the copper wire feed guide t ip  
prior t o  entering the puddlm. 

The wire which was not oscillated with the torch, was aclded to the 

4.5 Preheating of the alumhum plates vas accumpllshed us- the tungsten 
torch. This was acccaplished by m o w  the torch up and down a three inch 
distance a t  the s t a r t  of the weld joint. A thennocouple was attached near 
the start of the weld (&e Figure 8 )  to determine if the des- root pau. 
and interpass temperatures were being maintained during the we- 
operation. Preheating of the joint  was not re- after the initial root 
pas9 . 
4.6 
evaluate side vall and interpass ftmion. 

The welded joi& were x-rayed and photaaicrographs were prepared to 
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Panel code Bo. 5-22 
54% Al. Matl. 
F i l l er  - 1/16" Dla. 438 
Current - D C 4 P  
Torch Gas F l w  - He 90 CIg 
Travel Speed - 2.5 IPH 
Rmgsten m e  - l/s" 

5/32" 

i Varlablee 

/ - .125a 
Joint Wslgn 

Weld 1 'qz 

Preheat - first 3 inches of Joint heated to 1307 rith TIC torch. 
Interpass temp. - 125% 
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5/32' J 
Joint Design 

L .l25' 

Preheat - First 3 inches of joint heated t o  l 3 O . F  with 91% torch, 
mterpass temp. - l25F to 15ap. 
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Tabla IIZ 
pstasheetlk.3 

-1 code Bo. 6-26 
54% A l e  Matl. 
Filler - l/l6" Ma. 438 
Current - D C 4 P  
Torch Gan Flcn - He CFE 
T ~ I E ~  s p a  - 2.5 IPH 
Tungsten Ma. - 1/8" 

t.125. 
5/3P - 

Joint Design 

Variable6 1 2 5 
Ap3pcFsgc 175 175 3.80 l80 L80 

Voltage 14 14 14 14 14 

Oscillator 

(1) 
to be between 100-125 CR4. 

Oscillation frequencies not recorded, however, it I 6  bellered 

Preheat: First 3 inches of Joint heated to l3O.F with TIG torch. 
Interpass temp. - 130'F' to 1 b . P  
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Joint Pea* 

(1) oscillation frequencies not recorded. 

Preheat: 
Interpass temp. - 120 F - 130 F. First 3 Inches of joint heated to l3O.F with TIC torch. 
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5 

200 

16 

60 

V4" 

240 

Preheat: 
Interpass temp. - l3O.P - I.6O.F. 

First 3 inches of joint heated t o  130- w i t h  TIC torch. 
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1 

Variable6 

Oscillator 
i 
~ Amplitude 

Joint Design 7 
3/16" 

Preheat - First 3 Inches of joint heated t o  130'F. 
Interpass temp. - 1359. 
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'Pa' V I I  
Data shest Bo. 7 

2014 Al. Matl. 
Filler - 1/16" Ma. 438 
Current -DC-SP 

Travel Speed - 2.5 IR( 
TOXh Gas FlW - HC 90 CW 
Tungeten Ma, - u8" 

Joint Desiepr 

T 1 
I 

1- Weld i 
, Variables ! 1 
L t ---- 

Oscillator 

- 

175 

15 

24 

Hone 

'asses 
2 

180 

15 

40 

118" 

-II_ 
3 

185 

15 

45 

3/32" 

I___ 

Preheat - F i r s t  3 inches of Joint heated to l3O.F. 
Interpass teplp. - 140.F. 

.. 

a 
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Table V I I I  
ata sheet HO. 8 

Panel Code Ioo. 10-2 
3C56 AI- ~st l .  
Filler - l/l6" - Ma. 43S 
current - D C S P  
Torch Gas Flow - He 90 CFE 
Travel Speed - 5 
Tungsten Ma. - l/S" 

i-- Variables 
r 

W i r e  Feed - 
i" 
' oscillator 

Preheat - F i r s t  3 Inches of joint heated to 130°F. Interpass 
T w .  - 1tO.F. 
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5.1 The adjustable oscillator (See Figurcs 5 an4 6 )  functioned properlg. 
Fig\tre 10 Is a photograph of a bead-an-plate weld ma& with the aajuotabla 
oscillator. !I!he ampUtude of oscllletian was continuous* varied ira 
3/8" t o  1 1/2" during the welding operation. The bead-on-plate edger 

nulti-pass welds were mde in the grooved joint With t h i s  sati.fa-7 osclllator See 
blended Into the base material without any undercutting. 

Figure U). These passes have a smooth appearance With even repetltlvo 
ripple pattern and the M e a  blended intothe side wall without 
undercutting. Slmllar type welds were produced wlth the other tvo osctllatoro 
(raaius and cross seam). A typical weld joint produced With the oscillators 
is shown in Figure 12. Excellent side w a l l  and Interpass fusion was obteinad 
With all three oscillators, luwever, the adjustable oscillator ta preferre& 
over the other oscillators. Both rotating oscillators wlll field a greater 
guarantee of side vall iusionthan the cross seam oscillator slnce the arc 
rotated towards the side walls,  but the adjustable oscillator presents tbs 
added abi l i ty  of &anglng bead wldth as welding proceeds. 

5.2 Satisfactory out-of-position welds were made a t  three travel spetdr, 
2.5 IR4, 5.0 IPM and 9.0 IPM. Above 9.0 IPM satisfactorywelds could not 
be made because the operator was unable t o  make the proper adjustanent8 w i t h  
the test apparatus controls during the welding operation. 
wire feed adjustments are the two welding variables which could not be 
changed or  controlled satisfactorily above 9 IPM travel speed. Fiaer and amre 
sensitive equipnent controls tire required to weld a t  faster travel speede. 
Equipnent control modifications will be designed and built in Phase III. 

5.3 
it was difficult  for  the operator t o  make a satisfactorgmalti-pass veld 
with this w i r e  diemeter. 
respect to the veld puddle is c r i t i ca l  ia tk relatively narrow grove that 
is being welded. Any slight deviation of the wire feed froDa the center of 
the puddle interferes w i t h  the oscillating tungsten and adjtlslments t o  
correct this deviation 1s difficult fo r  the operator to make. 
smaller diameter w i r e ,  1/16", the location of the wire Kith respect to the 
weld puddle is  riot critical. The wire can be feed into any part of the weld 
puddle and, if necessary, adjustments can be easily be made by the operator. 
The l/l6" dianeter wire cen be feed into the "U" joint with rates ranging 
frm 15  IPM t o  100 IPM. 
obtained With the available wire feed motor, however it is believed that 
the wire could feed a t  faster rates with 8 higher speed motor. 

Arc voltage and 

Several t e s t  welds were made using 3/32'' diameter f i ne r  ~ l r e ,  howe~er, 

The position of the 3/32" dianeter Wire xith 

W i t h  the 

The 100 IPM is the maximum speed t h a t  can be 

5.4 
up, vertical down and oyerhead positions. 
a p p e a r a e - i s  obtained In  the three positions. 
f i l ler  wire 
travel direction. 
the wire ahesd of the tungsten. 
following the tungsten. 
because the wire was being fed into the portion of the puddle where 

The adjustable oscillator was used t o  weld panels In the vertical 
Similar and acceptable weld bead 

These welds were made adding 
i n  front of the tungsten electrode wlth respect to weld 

W i r e  feed addition and control were satisfactory wlth 
A t e s t  weld was also made vlth the vlre 

Sctisfactory welds could not be made In  tbis way 
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solidification I s  occurring. This solidification causes the w¶re to stlck 
or break off. When the wim feed precedeti the tungsten It i r  be- fed 
into the portion of the puddle where melting occurs. Thlr -des 
sufflclent heat to continuously melt the and there* elSainata fbb 
sticking probm. 

5.5 Weld qumllty was evaluated an the basis of North Prmercian Aviation 
m i o n  Welding Specificstion (Reference (b) ) . All weldments were free of 
cracks, leck of fusion, and lack of penetration defects. F’igure 12 ir a 
photomacrograph of a typical weld. The multi-pass weld beads have a smooth 
apparance with an even repetitive ripple pattern, the edges cb the valdr 
blended into the base m e t a l  without overlap a~ maercttt. 

5 06 Considerable porosity was present in weld t e s t  panel 10-2. The 
photmacrograph shown in Figure 13 revealed that most of tbis p o r o s l ~  VEU 
concentrated in the initial weld pass. Root pass parositywas also consider- 
able in ptnels 5-22 aad 5-26. The drop t h m  was machined off these panela 
and the weld joint vas re-X-rayed. The X-ray f l h  revealed that a major 
portion of the porosity was removed Avar the weld joint. There ya4 8- 
porosity in the other weld passes, however, the size and distribution of ths 
porosity was dthin the urnits specified in the RAA welding specificatioor. 
The use of back-up gas coverege during root pass welding would mlnidze 
or eUmInate root pass porosity. 
the root side of weldments =de w i t h  an without gas back-up. 
pass surface is smooth, free of oxides and blends into the parentaraterlal 
when gas back up is used. This indicates that the root side is protected 
f’rm a b  contamination which vill produce considerable porosity. 
back-up was achieved using a plastic chamber 6n the Foot side of the Joint. 
Weld panels 6-28 and the 2014 test welds which had acceptable root passer 
(See Tables VI and V I I )  were made without backing gas, however, it is 
difficult to consistently reproduce satisfactory root passes without back-up 
e=* 
5.7 Weld panel 6-28 contain tungsten inclusions which are not acceptable. 
During the joining operation the welder ad3usts the torch to maintain the 
desired arc voltage. 
molten puddle and tungsten prticles are added to the joint. 
be minimized by incorporating a more sensitive arc length cmtrolhob. 
This wi l l  be incorporated in the Phase 111 egplpent. 

Figure 14 and 15 shows a ccmpsrison of 
The root 

Oar 

Stmetimes due to over adjustment the tungsten touches t h t  

This could 
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7. pLLwouwoBllE 

7.1 The Phase III work which Includes construction and delivery of tqPipoaent fo 
SASA w l l l  coLmaence lmmedlateu on receipt of BASA approval for this report aad 
the Phase II results.  Clarification of redirection of effort and equlpuwt 
dellvery as previously discussed Vith the NASA technical representatdve 
(Reference C and D) is slso hquired, 

8. 

Phase I Report, EA-62-864, “Dekrmlnatlon of TIG Welding Con- 
Farmeters and Requirements For the Automation of Out-of-pOsit$on 
Welding” 

north American A a t l o n  Arsion Welding Speciffcatlop, LA-0107~. 

Letter 62 LA-ll386-283 From RAA, Inc., Los Angeles Division te 
M A ,  Huntsville Alabams, dated 15 Bovember 1962. 

Letter 62 LA-ll455-280 a, be., h s  Wk6 Mvidon to 
M A ,  HuntsvFuR Alabama, dated 15 Bwember 1962. 


